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FLUIDC DIVERTER VALVE WITH A 
NON-SPHERICAL SHUTTLE ELEMENT 

CROSS REFERENCE TO RELATED 
APPLICATION 

This application is a divisional of Ser. No. 10/337,133 
filed on Jan. 6, 2003, now U.S. Pat. No. 6,926,036. 

FIELD OF THE INVENTION 

The present invention relates to hot gas fluidic diverter 
valves used in missile and spacecraft propulsion systems 
and, more particularly, to a hot gas fluidic diverter valve that 
incorporates a non-spherical shuttle element. 

BACKGROUND OF THE INVENTION 

The movements involved in flight of some missiles and 
space vehicles, such as pitch, yaw, and spin rate, are con 
trolled with flight control systems that use reaction jets. In 
Some systems of this type, a pressurized gas source. Such as 
a gas generator, Supplies a pressurized gas to one or more 
fluidic amplifier stages. In response to a control signal 
Supplied from flight control equipment, a fluidic amplifier 
stage can selectively divert the pressurized gas into one of 
two or more flow paths. Each flow path may have a nozzle 
on its outlet that is located external to the missile or vehicle. 
These nozzles may be positioned to provide thrust in dif 
ferent or opposite directions. Thus, the fluidic amplifier 
stages can affect one or more flight parameters by selectively 
diverting the pressurized gas to selected outlet nozzles. 
The fluidic amplifier stages incorporated into the above 

described flight control system can include non-vented flu 
idic amplifiers, which are generally known in the art. How 
ever, non-vented fluidic amplifiers may not provide 100% 
flow diversion. Thus, Some systems incorporate an addi 
tional fluidic element, such as a fluidic diverter valve, 
between the final fluidic amplifier stage and the output 
nozzles, which allows the system to substantially achieve 
100% flow diversion. 
One particular type of fluidic diverter valve uses a spheri 

cally shaped ball shuttle element. The ball element is solid, 
and is located in a chamber formed in the valve housing. The 
housing includes an inlet port and two outlet ports. The ball 
element is moveable within the chamber and selectively 
blocks one of the two ports so that pressurized gas entering 
the inlet port is selectively directed out the port that is not 
blocked. 

Although the above-described type of fluidic diverter 
valve is robustly designed and manufactured, and operates 
safely, it suffers certain drawbacks. For example, it can be 
fairly complex, costly, and some of the materials that may be 
used to make the ball may not be sufficiently robust. In 
particular, the ball may erode in the flow of pressurized gas. 
In addition, the size and weight of the ball should be selected 
to maximize valve performance. However, some of the 
materials that may be used in a high temperature environ 
ment may be weight prohibitive for use as a solid ball. 
Alternatively, some materials that are not weight prohibitive 
may erode in the gas flow and/or the materials may be costly. 

Hence there is a need for a fluidic diverter valve that 
addresses one or more of the above-noted drawbacks. 
Namely, a hot gas fluidic diverter valve having a shuttle 
element that is not complex and/or costly, and/or is struc 
turally robust. The present invention addresses one or more 
of these needs. 
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2 
SUMMARY OF THE INVENTION 

The present invention provides a hot gas fluidic diverter 
valve with a non-spherical shuttle element. The non-spheri 
cal shuttle element is lightweight, provides increased repro 
ducibility, is more robust, and/or exhibits more predictable 
strength margins, as compared to a spherical shuttle element. 

In one embodiment, and by way of example only, a hot 
gas fluidic diverter valve includes a housing, first and second 
fluid inlet ports, first and second fluid outlet ports, and a 
non-spherical shuttle element. The housing has a shuttle 
element cavity formed therein. The first and second fluid 
inlet ports each extend through the housing and are each in 
fluid communication with the shuttle element cavity. The 
first and second fluid outlet ports each extend through the 
housing and are each in fluid communication with the shuttle 
element cavity. The non-spherical shuttle element is freely 
disposed within the shuttle element cavity and is transla 
tionally moveable in response to hot gas flow through the 
inlet ports to selectively move between at least a first 
position and a second position. In the first position the 
shuttle element substantially seals the first fluid outlet port 
and in the second position the shuttle element Substantially 
seals the second fluid outlet port. 

In another exemplary embodiment, a flow control device 
for use with a gas generator having a pressure vessel and 
providing a combustion gas output includes a fluidic ampli 
fier and a fluidic diverter valve. The fluidic amplifier has a 
fluid inlet port and at least two fluid outlet ports. The fluidic 
amplifier fluid inlet port is adapted to receive pressurized 
fluid from the gas generator pressure vessel. The fluidic 
diverter valve includes a housing and a non-spherical shuttle 
element. The housing has a shuttle element cavity formed 
therein, which is in fluid communication with two of the 
fluidic amplifier fluid outlet ports. The non-spherical shuttle 
element is freely disposed within the shuttle element cavity 
and is translationally moveable in response to hot pressur 
ized fluid flow through the inlets to move between at least a 
first position and a second position. 

In still another exemplary embodiment, a shuttle element 
for placement in a hot gas fluidic diverter valve housing 
includes a main body having a first side, a second side, and 
a peripheral edge located between at least peripheral edges 
of the first and second sides. The first and second sides are 
substantially flat and substantially parallel to one another, 
and the peripheral edge is substantially symmetrically 
curved. 

In still a further exemplary embodiment, a flight control 
system includes a controller, a hot gas generator, one or 
more fluidic amplifier stages, at least two discharge nozzles, 
and a hot gas fluidic diverter valve. The controller is 
operable to Supply flight control signals. The hot gas gen 
erator is operable to Supply a flow of hot pressurized gas. 
Each of the fluidic amplifier stages is coupled to receive the 
flow of hot pressurized gas from the gas generator and each 
is responsive to the flight control signals to selectively divert 
at least a portion of the received flow of hot pressurized gas 
into one of at least two amplifier stage outlet ports. The hot 
gas fluidic diverter valve includes a housing, first and second 
fluid inlet ports, first and second fluid outlet ports, and a 
non-spherical shuttle element. The housing has a shuttle 
element cavity formed therein. The first and second fluid 
inlet ports each extend through the housing and are each in 
fluid communication with the shuttle element cavity. The 
first and second fluid outlet ports each extend through the 
housing and each couple one of the discharge nozzles in 
fluid communication with the shuttle element cavity. The 
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non-spherical shuttle element is freely disposed within the 
shuttle element cavity and is translationally moveable in 
response to hot pressurized gas flow through the inlet ports 
to selectively move between at least a first position and a 
second position. In the first position the shuttle element 
substantially seals the first fluid outlet port and in the second 
position the shuttle element substantially seals the second 
fluid outlet port. 

Other independent features and advantages of the pre 
ferred fluidic diverter valve will become apparent from the 
following detailed description, taken in conjunction with the 
accompanying drawings which illustrate, by way of 
example, the principles of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a simplified schematic diagram of an exemplary 
flight control system that may use an embodiment of the 
present invention; and 

FIGS. 2-4 are cross section views of a portion of the flight 
control system of FIG. 1, showing exemplary fluidic diverter 
valves according to various embodiments of the present 
invention. 

DETAILED DESCRIPTION OF A PREFERRED 
EMBODIMENT 

A simplified schematic diagram of at least a portion of an 
exemplary flight control system 100 that may use an 
embodiment of the present invention is illustrated in FIG. 1. 
The system 100 includes a gas generator 102, a flight 
controller 104, a solenoid valve 106, a pilot valve 108, a first 
stage fluidic amplifier 110, a second state fluidic amplifier 
112, and a fluidic diverter valve 114. The gas generator 102 
includes an initiator 116 that, during a vehicle launch 
sequence or at Some point during vehicle flight, activates the 
gas generator 102. The gas generator 102, upon activation, 
Supplies a flow of high pressure, high temperature gas to one 
or more gas flow paths. In the depicted embodiment, a first 
gas flow path 118 is fluidly coupled to the first stage fluidic 
amplifier 110 and to the pilot valve 108, and a second gas 
flow path 120 is fluidly coupled to the second stage fluidic 
amplifier 112. 
The first 110 and second 112 stage fluidic amplifiers are 

each preferably non-vented fluidic bistable amplifiers. The 
first stage fluidic amplifier 110 includes a primary gas flow 
path 124, and two control gas flow paths, namely a first 
control gas flow path 126 and a second control gas flow path 
128. Similarly, the second stage fluidic amplifier 112 
includes a primary gas flow path 130, a first control gas flow 
path 132, and a second control gas flow path 134. The 
second stage fluidic amplifier 112 additionally includes two 
outlet ports, a first fluid outlet port 136 and a second fluid 
outlet port 138. 
The first stage fluidic amplifier primary gas flow path 124 

is in fluid communication with the first gas flow path 118 
from the gas generator 102, and the second stage fluidic 
amplifier primary gas flow path 130 is in fluid communica 
tion with the second gas flow path 120 from the gas 
generator 102. The first stage fluidic amplifier first 126 and 
second 128 control gas flow paths are in fluid communica 
tion with the pilot valve 108, and the second stage fluidic 
amplifier first 132 and second 134 control gas flow paths are 
in fluid communication with the first stage fluidic amplifier 
primary 124 gas flow path 124 and the first 126 and second 
128 control gas flow paths. The second stage fluidic ampli 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

4 
fier first 136 and second 138 fluid outlet ports are in fluid 
communication with the fluidic diverter valve 114. 
The fluidic diverter valve 114, one embodiment of which 

is shown in cross section in FIG. 2, is mounted to the second 
stage fluidic amplifier 112. In the depicted embodiment, the 
fluidic diverter valve 114 is mounted within the second stage 
fluidic amplifier 112, though it will be appreciated that the 
fluidic diverter valve 114 could be mounted on the second 
stage fluidic amplifier 112. As FIGS. 1 and 2 illustrate, the 
fluidic diverter valve 114 includes a housing 202, at least 
two fluid inlet ports, a first fluid inlet port 204 and a second 
fluid inlet port 206, and at least two fluid outlet ports, a first 
fluid outlet port 208 and a second fluid outlet port 210. The 
housing 202 may be formed from two or more separate 
sections or as an integral piece. In either case, a shuttle 
element cavity 212 is formed in the housing 202, and a 
shuttle element 214 is freely disposed within the cavity 212. 
The shuttle element 214 is non-spherical in shape and is 

translationally moveable within the cavity 212 between the 
first 208 and second 210 fluid outlet ports. The shuttle 
element 214 includes a first side 216, a second side 218, and 
a peripheral section 220. The first 216 and second 218 sides 
are substantially flat, Substantially circular in cross section, 
and extend parallel to one another. The peripheral section 
220 is located between the first 216 and second 218 sides, 
and is formed substantially symmetrically with respect to the 
first 216 and second 218 sides. In the depicted embodiment, 
the peripheral section 220 is substantially semi-circular in 
cross sectional shape, though it will be appreciated that the 
peripheral section 220 is not limited to this shape and could 
be flat or otherwise shaped as needed in a particular appli 
cation. In the depicted embodiment, the shuttle element 
peripheral section 220 extends through the housing 202 and 
slidingly contacts a Surface 201 in the second stage fluidic 
amplifier 112. It will be appreciated that this is merely 
exemplary of a particular preferred embodiment, and that the 
shuttle element 214 could also be disposed within the cavity 
212 in a non-contact configuration with the second stage 
fluidic amplifier 112. It will be appreciated that the shape of 
the shuttle element 214 may vary depending on various 
other conditions and/or component configurations such as, 
for example, the configuration of the first 208 and second 
210 outlet ports that are to be blocked, as described below, 
by the shuttle element 214. 
The fluidic diverter valve first 204 and second 206 fluid 

inlet ports and first 208 and second 210 fluid outlet ports 
each extend through the housing 202, and are each in fluid 
communication with the cavity 212. The diverter valve first 
204 and second 206 fluid inlet ports are also in fluid 
communication with the second stage fluidic amplifier first 
136 and second 138 fluid outlet ports, respectively. In 
addition, the diverter valve first 208 and second 210 fluid 
outlet ports are in fluid communication with first 140 and 
second 142 blast tubes, respectively, which are each in fluid 
communication with first 144 and second 146 thrust nozzles, 
respectively. Thus, as will be described more fully below, the 
shuttle element 214 is positioned by controlling the flow of 
fluid Such as, for example, hot pressurized gas, through the 
second stage fluidic amplifier first 136 and second 138 fluid 
outlet ports. 

Referring now to FIGS. 1 and 2 in combination, operation 
of the flight control system 100 is controlled by the flight 
controller 104. During vehicle flight, the flight controller 
104 Supplies control signals to the solenoid valve 106, which 
in turn causes the pilot valve 108 to divert a portion of the 
gas flowing in the first flow path 118 into one of the first 
stage fluidic amplifier control gas flow paths 126 or 128. 
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This causes the gas flowing through the first stage fluidic 
amplifier primary gas flow path 124 to be directed into one 
of the second stage fluidic amplifier control gas flow paths 
132 or 134. This in turn causes the gas flowing through the 
second stage fluidic amplifier primary gas flow path 130, 
which is received from the gas generator second gas flow 
path 120, to be directed into one of the second stage fluidic 
amplifier outlet ports 136 or 138. As a result, gas flowing 
through the second stage fluidic amplifier outlet ports 136 or 
138 will enter one of the fluidic diverter valve fluid inlet 
ports 204 or 206. This will cause the shuttle element 214 to 
move away from one of the diverter valve fluid outlet ports 
208 or 210, and allow gas to flow through it to one of the 
thrust nozzles 144 or 146. At the same time, the shuttle 
element 214 will be moved toward the other fluid outlet port 
210 or 208, sealing it and the other thrust nozzle 146 or 144 
from the gas flow. 

For example, if it is desired to exhaust gas out the first 
thrust nozzle 144, the flight controller 104 will supply a 
control signal to solenoid valve 106 that will cause the pilot 
valve 108 to divert gas flow into the first stage fluidic 
amplifier first control gas flow path 126. This will direct the 
gas flowing through the first stage fluidic amplifier primary 
gas flow path 124 into the second stage fluidic amplifier 
second control gas flow path 134, which will in turn direct 
the gas flowing through the second stage fluidic amplifier 
primary gas flow path 130 into the second stage fluidic 
amplifier first outlet port 136. The gas then flows through the 
second stage fluidic amplifier first fluid outlet port 136, and 
into the fluidic diverter valve first fluid inlet port 204. As a 
result, the gas flow will move the shuttle element 214 away 
from the fluidic diverter valve first outlet port 208 and 
toward the fluidic diverter valve second fluid outlet port 210. 
This will allow pressurized gas to flow out the diverter valve 
first outlet port 208, and will seal the diverter valve second 
outlet port 210. Thus, pressurized gas flows through the first 
thrust nozzle 144, while sealing the second thrust nozzle 146 
against the gas flow. 
The housing 202 and shuttle element cavity 212 configu 

ration depicted in FIG. 2 is merely exemplary of one 
embodiment. Other exemplary configurations, such as those 
illustrated in FIGS. 3 and 4, in which like reference numerals 
refer to like components of FIG. 2, may also be used. In any 
configuration that is used, the areas A1, A2, which are 
explicitly shown in FIG. 3, and more particularly the area 
ratio A2/A1, in combination with the shuttle element stroke 
S, and the unobstructed supply flow area to the valve open 
side, are selected so that proper Switching of the shuttle 
element 214 will occur. It will be appreciated that in the 
embodiment shown in FIG. 4, the housing includes at least 
two annular grooves, namely a first annular groove 402 and 
a second annular groove 404. At least two bleed holes, a first 
406 bleed hole and a second 408 bleed hole, extend between 
the first 402 and second 404 annular grooves and the first 
fluidic diverter valve first 204 and second 206 fluid inlet 
ports, respectively, and allow fluid pressure to be commu 
nicated to and/or from the first 402 and second 404 annular 
grooves. It will be appreciated that the dimensions of the 
first 402 and second 404 annular grooves define the area A1. 
It will additionally be appreciated that with the exemplary 
configuration of FIG. 4, additional structural Supporting area 
for the shuttle element 214 is provided, which may improve 
the fluidic diverter valves ability to withstand the impact of 
the shuttle element 214 during Switching events. 

The fluidic diverter valve 114 may be constructed of any 
one of numerous materials that are capable of withstanding 
the high temperature output of the gas generator 102, and the 
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6 
specific materials used may depend on the temperature of 
the gas Supplied by the gas generator 102. For example, 
when the flight control system 100 need only supply rela 
tively “warm gas (e.g., s2000 F) for relatively short flight 
profiles (e.g., <1 second), stainless steel may be used for the 
housing 202 and other non-moving parts of the diverter 
valve 114. For longer flight profiles, or hotter gas tempera 
tures, the housing 202 and other non-moving parts are 
preferably constructed of Inconel, ceramic, or TZM (Tita 
nium Zirconium Molybdenum). When the flight control 
system supplies gas attemperatures in the range of 3700°F. 
exotic materials such as, for example, rhenium, are preferred 
because of the high temperature strength and diffusion 
bonding capability Such exotic materials exhibit. Conven 
tional machining operations such as, for example, plunge 
EDM are suitable for forming the housing 202 and other 
non-moving parts. 
The shuttle element 214 may also be constructed of any 

one of numerous materials that are capable of withstanding 
the high temperature output of the gas generator 102. In a 
particular preferred embodiment for warm gas applications, 
the shuttle element 214 is formed of a pure silicon nitride. 
For higher temperature applications, the shuttle element 214 
is formed of a ceramic or graphite material, and is then 
coated with a layer of rhenium by, for example, a chemical 
vapor deposition (CVD) process. 
The fluidic diverter valve 114 includes a non-spherical 

shuttle element 214 that is lightweight, provides increased 
reproducibility, is more robust, and exhibits more predict 
able strength margins, as compared to other fluidic diverter 
valve designs. 

While the invention has been described with reference to 
a preferred embodiment, it will be understood by those 
skilled in the art that various changes may be made and 
equivalents may be substituted for elements thereof without 
departing from the scope of the invention. In addition, many 
modifications may be made to adapt to a particular situation 
or material to the teachings of the invention without depart 
ing from the essential scope thereof. Therefore, it is intended 
that the invention not be limited to the particular embodi 
ment disclosed as the best mode contemplated for carrying 
out this invention, but that the invention will include all 
embodiments falling within the scope of the appended 
claims. 

I claim: 
1. A flow control device for use with a hot gas generator 

having a pressure vessel and providing a combustion gas 
output, the flow control device comprising: 

a fluidic amplifier having a fluid inlet port and at least two 
fluid outlet ports, the fluid inlet adapted to receive hot 
pressurized fluid from the gas generator pressure ves 
sel; and 

a fluidic diverter valve including: 
a housing having a first fluid inlet port, a second fluid 

inlet port, a first fluid outlet port, a second fluid outlet 
port, and a shuttle element cavity formed therein, the 
first fluid inlet port coupling a first one of the fluidic 
amplifier fluid outlets in fluid communication with 
the shuttle element cavity, the second fluid inlet port 
coupling a second one of the fluidic amplifier fluid 
outlets in fluid communication with the shuttle ele 
ment cavity, the first and second fluid outlet ports 
each in fluid communication with the shuttle element 
cavity, and 

a non-spherical shuttle element freely disposed within 
the shuttle element cavity, the shuttle element includ 
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ing a main body having Substantially flat first and 
second sides disposed Substantially parallel to one 
another, and a Substantially symmetrically shaped 
peripheral section located between the first and sec 
ond sides, the shuttle element translationally move 
able in response to hot pressurized fluid flow through 
the inlet ports to move between at least a first 
position and a second position, 

wherein at least a portion of the shuttle element first 
side substantially seals the first fluid outlet port in the 
first position, and at least a portion of the shuttle 
element second side Substantially seals the second 
fluid outlet port in the second position. 

10 
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2. The device of claim 1, wherein the shuttle element is 

Substantially disc-shaped. 
3. The device of claim 1, wherein the housing comprises 

a metal selected from the group consisting of Inconel, 
ceramic, and Titanium Zirconium Molybdenum. 

4. The device of claim 3, wherein the housing further 
comprises rhenium. 

5. The device of claim 4, wherein the shuttle element 
comprises silicon nitride. 

6. The device of claim 1, wherein the shuttle element 
comprises graphite coated with a layer of rhenium. 

k k k k k 


